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Abstract 
The biocontrol effects of Bacillus licheniformis W10 bacterial suspension and its antifungal protein on peach brown 
rot caused by Monilinia fructicola in storage peach fruits and the effects on fruit quality were investigated. The results 
showed that the fruit disease suppression of B. licheniformis W10 bacterial suspension and antifungal protein were 
significantly higher than that of the control. Inoculation of bacterial suspension and antifungal protein prior to M. 
fructicola gave a better biocontrol effect, and the higher concentrations of bacterial (1 × 1010 cfu · mL-1) and antifungal 
protein (3.0 mg · mL-1) performed better control effects. The environmental conditions, such as temperature and humidity, 
affected biocontrol effects of W10 bacterial suspension and antifungal protein. The influence of environment conditions 
on the activity of antifungal protein was less than that on bacterial suspension. Moreover, lower temperature (4 ℃) and 
relative humidity (RH 70%–75%) were favorable to prevent peach brown rot by W10 bacterial suspension and its 
antifungal protein. The W10 bacterial suspension and antifungal protein amended with calcium [0.1% Ca(NO3)2] could 
enhance the biocontrol effects, and obviously put off the occurrence of peach brown rot. In addition, the bacterial 
suspension and antifungal protein significantly reduced the natural decay rates of peach fruits during storage, and the 
effects were equal to carbendazim. Moreover, both W10 bacterial suspension and antifungal protein treatments did not 
have effects on external and internal fruit appearance, such as chromatic aberration parameter L* of flesh, flesh firmness, 
soluble solids content and weight loss. Therefore, the B. licheniformis W10 is a potential biocontrol factor for peach 
brown rot. 
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1. Introduction 
Brown rot, also known as Sclerotinia drop or fruit rot, was 
the first recorded postharvest fruit disease (Ogawa et al., 1995). 
Brown rot mainly occurs during the fruit late-growth and 
postharvest storage stage, resulting in loss of fruit value which 
causes significant economic losses (Ogawa et al., 1995; Li and  
Chen, 2009). In many parts of China, the primary pathogen 
causing peach brown rot is Monilinia fructicola (Zhu et al., 
2005; Hu et al., 2011a, 2011b; Yin et al., 2013), which was first 
discovered in the eastern United States (Fan et al., 2010). At 
present, the major prevention and control method for peach 
brown rot is the use of chemical pesticides. However, pesticides 
will lead to antimicrobial resistance (Yin et al., 2010), and the 
This is an Open Access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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pesticide residue on the peaches will be a threat to public health. 
In Europe, no chemical pesticides are allowed for the 
postharvest stone fruits at all (Casals et al., 2010). Biological 
control is an important approach for comprehensive 
management peach brown rot (Spadaro and Gullino, 2004) 
because it is non-toxic, leaves no residue, and causes no 
resistance. Biological control has become a “hot” research topic 
in the area of postharvest disease control and is expected to 
replace chemical pesticides (Sharma et al., 2009). 
The Bacillus licheniformis W10 strain is a biocontrol strain 
of bacteria obtained from a plant rhizosphere in our laboratory. 
B. licheniformis W10 can produce an extracellular antifungal 
protein, which has a strong inhibitory effect against many plant 
pathogens and which has the same field control effect as 
chemical pesticides (Tong et al., 2000; Tang et al., 2005; Sun et 
al., 2007; Ji et al., 2008). Thus studying B. licheniformis W10 
and its antifungal protein for the prevention of peach brown rot 
can improve peach storage by providing a basis for their 
application as a new biocontrol. 
2. Materials and methods 
2.1. Materials 
The experiments were conducted in 2013 in the plant 
protection laboratory of Yangzhou University and Forestry and 
Fruit Research Institute, Shanghai Academy of Agricultural 
Sciences. In our laboratory, B. licheniformis W10 was isolated 
from tomato rhizosphere. M. fructicola was isolated from peach 
fruit that had brown rot disease at the storage stage in our 
laboratory. The stock and culture medium for the bacteria were 
nutrient broth agar (NA) and potato sucrose agar (PSA) medium, 
respectively. Fruit were obtained from the Institute of Fruit 
Trees, Shanghai Academy of Agricultural Sciences: nectarine 
cultivar ‘Huyou 18’ (hard) and peach cultivar ‘Hujing Milu’ 
(soft). 
The B. licheniformis culture and its antifungal protein 
preparation were obtained as follows: activated B. licheniformis 
W10 was used to inoculate a 150 mL NA culture medium, 
which was maintained at 28 ℃ and 180 r · min-1 for 48 h. The 
culture concentration were measured by a plate count method 
and either adjusted to 1 × 1010 cfu · mL-1 or further diluted for 
the experiment. The antifungal protein was prepared according 
to the method of Ji et al. (2007). In brief, the B. licheniformis 
W10 culture was centrifuged at 4 ℃ and 8 000 r · min-1 for 15 
min. The supernatant was passed through a 0.45 μm filter to 
obtain the culture filtrate. Ammonium sulfate was slowly added 
to the filtrate to achieve 30% saturation in order to precipitate 
the proteins at 4 ℃ overnight. The precipitate was collected by 
centrifugation. The protein precipitation was resuspended in 
1/30 of the original volume which was 0.05 mol · L-1 Tris-HCl 
buffer (pH 6.8) and dialysed at 4 ℃ (the dialysis molecular 
weight cutoff was 8 000 D). The dialysis buffer was replaced 
every 8 h and was replaced three times. The dialysed protein 
solution was passed through a 0.22 μm filter to obtain the crude 
protein. The standard protein concentration curve of bovine 
serum albumin was measured and regressed as y = 0.6751x (r2 = 
0.9947) where y is the absorbance OD280 value and x is the 
protein concentration (mg · mL-1). The OD280 value of crude 
protein concentration was measured, and the protein 
concentration was calculated according to the standard curve 
equation. The crude protein was diluted to lower levels as stated 
in the experiment. 
2.2. Testing parameters for the inhibition of B. 
licheniformis W10 and its antifungal protein on peach 
brown rot 
Concentration: high, medium, and low concentrations of 
bacteria (1 × 1010, 1 × 108, and 1 × 106 cfu · mL-1) and protein 
(3.0, 0.6, and 0.3 mg · mL-1) were tested. The peach surface was 
first cleaned with 75% ethanol, then a 6 mm in diameter, 3 mm 
deep block was removed by a hole puncher. The hole was 
inoculated with either 50 μL bacteria or antifungal protein, and 
sterile water was used as the control. The fruit was inoculated 
with a 6 mm piece of brown rot mycelium 1 d later. 
Inoculation time: 1. Samples were first inoculated with B. 
licheniformis W10 or its antifungal protein and were inoculated 
with M. fructicola 1 d later; 2. Samples were inoculated with 
both B. licheniformis W10 or its antifungal protein and M. 
fructicola at the same time; 3. Samples were first inoculated 
with M. fructicola, then inoculated with B. licheniformis W10 or 
its antifungal protein 1 d later. Sterile water was used as control 
for B. licheniformis W10 or antifungal protein. The 
concentration of B. licheniformis W10 was 1 × 1010 cfu · mL-1, 
and the concentration of antifungal protein was 3.0 mg · mL-1. 
Temperature and humidity: both a low temperature of 4 ℃ 
and room temperature 25 ℃ were tested. A low humidity 
[relative humidity (RH) 70%−75%] and a high humidity (RH 
95%−100%) were tested. The concentration of B. licheniformis 
W10 was 1 × 1010 cfu · mL-1, and the concentration of antifun- 
gal protein was 3.0 mg · mL-1. 
Calcium solution spray: the fruits were sprayed with 0.1% 
Ca (NO3)2 solution first. After the surface was dried, samples 
were inoculated with B. licheniformis W10 (2 × 109 cfu · mL-1) 
or antifungal protein (3.0 mg · mL-1), and with M. fructicola 1 d 
later. 
In all the experiments, 10 peaches were tested for each 
treatment, and each treatment was repeated three times. The 
fruit were stored at 25 ℃ under RH 70%−75%. Different 
temperature and humidity tests were performed according to the 
specific temperature and humidity. The fruits were examined 
once a day for disease onset, and lesion diameter was measured. 
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2.3. The effect of B. licheniformis W10 and its 
antifungal protein on peach fruit quality 
The fruits were immersed in sterile water, 1 × 1010 
cfu · mL-1 B. licheniformis W10, 3.0 mg · mL-1 antifungal 
protein, or 1 000 μg · mL−1 carbendazim for 3 min. After the 
surface was dried, the fruit were stored at 25 ℃ at a RH of 
70%−75%. The nectarine (9 d) and peach (7 d) fruit quality, 
including the pulp color, hardness, content of soluble solids 
(Zhou et al., 2010), as well as weight loss rate and natural decay 
rate, were measured.  
The pulp color L* value (representing brightness, from 
black to white, 0−100) at 1 cm from the peel at the fruit suture 
site, symmetrical around the equator was measured with 
Minolta CR-400C (D65 light source) automatic colorimeter. 
After removing the peel around the equator and the suture site, 
the pulp tissue hardness was measured with a GY-1 fruit 
penetrometer. Soluble solids content was determined by a 
handheld Abbe refractometer. Ten peaches were randomly 
selected and measured for each experiment, and each peach was 
measured three times and the data was averaged. Statistics were 
analyzed by Excel 2003 software. The ANOVA analysis of 
Duncan’s new multiple range test was performed by DPS (v7.05) 
software. 
3. Results 
3.1. The antagonistic effect of B. licheniformis W10 
antifungal protein on M. fructicola 
As shown in Fig. 1, the fungal inhibitory bandwidth reached 
6.6 mm, suggesting that the B. licheniformis W10 antifungal 
protein had a significant inhibitory effect on M. fructicola growth 
and that the B. licheniformis W10 strain has the potential to 










Fig. 1  Antagonistic effect of B. licheniformis W10 antifungal    
protein on M. fructicola 
 
3.2. The inhibition effect of B. licheniformis W10 and 
its antifungal protein on peach brown rot 
3.2.1. The effect of concentration 
As shown in Table 1, at high concentration (1 × 1010 
cfu · mL-1), the B. licheniformis W10 suppressed 100% of the 
incidence of peach brown rot on the ‘Huyou 18’ nectarines and 
‘Hujing Milu’ peaches, while the effects were significantly 
reduced at lower concentrations. The median (1 × 108 cfu · mL-1) 
and low (1 × 106 cfu · mL-1) concentration inhibition rates on 
‘Huyou 18’ brown rot were 38.5% and 28.3%, respectively. 
Likewise, the high concentration (3.0 mg · mL-1) of antifungal 
protein had the best effect on disease prevention, with the 
suppresion at 63.5% and 62.6% for ‘Huyou 18’ and ‘Hujing 
Milu’, respectively. When the antifungal protein was diluted 5 
fold and 10 fold (0.6 and 0.3 mg · mL-1), the plaque suppression 
also decreased. 
Also shown in Table 1, the disease onset was delayed by 9 d  
 
Table 1  Effects of different concentrations of W10 bacterial suspension and antifungal protein on the suppression 
and disease happening time of peach brown rot 
Cutlivar Treatment Concentration Inhibition rate /% Diseased time /d Put off /d 
High 100.0 ± 0.0 a > 10 > 9 
Medium 38.5 ± 2.1 b 3 2 
Low 28.3 ± 1.8 c 3 2 
Bacterial suspension 
Control  1  
High 63.5 ± 1.4 a 3 2 
Medium 50.7 ± 1.0 b 3 2 
Low 40.4 ± 1.7 c 3 2 
‘Huyou 18’ nectarine 
Antifungal protein 
Control  1  
‘Hujing Milu’ honey peach High 100.0 ± 0.0 a > 10 > 9 
 Medium 57.6 ± 2.3 b 4 3 
 Low 41.1 ± 1.7 c 2 1 
 
Bacterial suspension 
Control  1  
 Antifungal protein High 62.6 ± 2.3 a 4 3 
  Medium 44.1 ± 1.6 b 4 3 
  Low 41.9 ± 2.1 b 2 1 
  Control  1  
Note：Different letters in the same column indicate significant difference at the 5% level. 
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compared to the control after treatment with high concentration 
of B. licheniformis W10, and the onset was delayed by 2−3 d 
and 1−2 d after the median and low concentrations B. 
licheniformis W10 treatments, respectively. Different concen- 
trations of the antifungal protein treatment were found to have 
delayed the onset of the disease by 1−3 d. 
3.2.2. The effect of inoculation time on disease  
Different durations of treatment clearly had different effects 
on disease inhibition. As shown in Table 2, the treatment of B. 
licheniformis W10 1 d before or co-inoculation with M. 
fructicola both suppressed 100% of disease incidence. However, 
the treatment in which inoculation with B. licheniformis W10 
occurred 1 d after inoculation of M. fructicola decreased the 
suppression of the disease to 14.9%−22.3%. Similarly, 
antifungal protein treatment 1 d in advance had the best 
suppression at 62.6%−63.5%, while the treatment that was 
delayed 1 d after inoculation with M. fructicola was quite poor, 
with only 12.6%−39.3% disease suppression. 
In addition, 1 d in advance or the same time inoculation of B. 
licheniformis W10 with delayed the disease onset more than 9 d 
while treatment 1 d after inoculation of M. fructicola had no 
effect. Similarly, 1 d in advance or the same time treatment of 
antifungal protein with M. fructicola delayed disease onset 2−3 d 
and 1−2 d, respectively (Table 2). 
3.2.3. Effect of different temperature and humidity on the 
disease inhibition of B. licheniformis W10 and its antifungal 
protein 
As shown in Fig.2, at 4 ℃, no disease was found for each 
treatment and control, demonstrating low temperature is very 
important for fruit preservation. At 25 ℃, B. licheniformis W10 
and its antifungal protein treatment delayed the disease onset 3−8 
d and 1−2 d respectively (Table 3). 
Humidity had a significant effect on the disease 
preservative effect of B. licheniformis W10 and its antifungal 
protein (Fig. 3). At RH 70%–75%, the disease suppression by B. 
licheniformis W10 and its antifungal protein was significantly 
higher than at RH 95%−100%. At RH 70%−75%, B. 
licheniformis W10 bacteria treatment delay the disease onset for 
3 or 8 d, and antifungal protein treatment delayed the onset for 
1−2 d (Table 4). At RH 95%−100%, the suppression by B. 
licheniformis W10 decreased, indicating high humidity pro- 
motes fungus proliferation (Fig. 3).
Table 2  Effects of different inoculation time of W10 bacterial suspension and antifungal protein on the suppression                           
and disease happening time of peach brown rot 
Cultivar Treatment Time /d Inhibition rate /% Diseased time /d Put off /d 
–1 100.0 ± 0.0 a > 10 > 9 
0 100.0 ± 0.0 a > 10 > 9 
Bacterial suspension 
+ 1 22.3 ± 1.7 e 1 0 
–1 63.5 ± 1.4 b 3 2 
0 58.3 ± 1.4 c 3 2 
Antifungal protein 
+ 1 39.3 ± 1.2 d 1 0 
‘Huyou 18’ nectarine 
Control   1  
‘Hujing Milu’ honey peach –1 100.0 ± 0.0 a > 10 > 9 
 0 100.0 ± 0.0 a > 10 > 9 
 
Bacterial suspension 
+ 1 14.9 ± 1.5 d 1 0 
 –1 62.6 ± 2.3 b 4 3 
 0 52.7 ± 3.4 c 2 1 
 
Antifungal protein 
+ 1 12.6 ± 1.3 d 1 0 
 Control   1  














Fig. 2  Inhibition activities of W10 bacterial suspension and antifungal protein on nectarine and honey peach at different temperatures 
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Table 3  Effects of W10 bacterial suspension and antifungal protein on the disease happening time  
of peach brown rot at different temperatures 
Cultivar Temperature /℃ Treatment Diseased time /d Put off /d 
Bacterial suspension > 10 0 
Antifungal protein > 10 0 
4 
Control > 10  
Bacterial suspension > 10 > 8 
Antifungal protein 3 1 
‘Huyou 18’ nectarine 
25 
Control 2  
‘Hujing Milu’ honey  Bacterial suspension > 10 0 
peach Antifungal protein > 10 0 
 
4 
Control > 10  
 25 Bacterial suspension 4 3 
  Antifungal protein 3 2 
  Control 1  
 
Table 4  Effects of W10 bacterial suspension and antifungal protein on the disease happening time  
of peach brown rot underdifferent relative humidity 
Cultivar Relative humidity /% Treatment Diseased time /d Put off /d 
Bacterial suspension > 10 > 8 
Antifungal protein 3 1 
70–75 
Control 2  
Bacterial suspension 1 –1 
Antifungal protein 3 1 
‘Huyou 18’ nectarine 
95–100 
Control 2  
‘Hujing Milu’ honey peach Bacterial suspension 4 3 
 Antifungal protein 3 2 
 
70–75 
Control 1  
 95–100 Bacterial suspension 4 3 
  Antifungal protein 2 1 













Fig. 3  Inhibition activities of W10 bacterial suspension and antifungal protein on Nectarine and honey peach under different relative humidity 
 
Humidity had a significant effect on the disease 
preservative effect of B. licheniformis W10 and its antifungal 
protein (Fig. 3). At RH 70%–75%, the disease suppression 
by B. licheniformis W10 and its antifungal protein was 
significantly higher than at RH 95%−100%. At RH 70%−75%, 
B. licheniformis W10 bacteria treatment delay the disease onset 
for 3−8 d, and antifungal protein treatment delayed the onset 
for 1−2 d (Table 4). At RH 95%−100%, the suppression by 
B. licheniformis W10 decreased, indicating high humidity 
promotes fungus proliferation (Fig.3). 
 
3.2.4. Effect of calcium solution spray on B. licheniformis W10 
and its antifungal protein 
After calcium solution spray, B. licheniformis W10 (2 × 109 
cfu · mL-1) suppressed 100% of ‘Hujing Milu’ brown rot inci- 
dence, an increase of 29.3%. And antifungal protein (3.0 
mg · mL-1) suppression increased 23.2% (Table 5). B. licheni- 
formis W10 (2 × 109 cfu · mL-1) suppressed 100% ‘Huyou 18’ 
brown rot incidence, and no effect of calcium treatment was 
detected. After calcium solution spray, antifungal protein (3.0 
mg · mL-1) suppressed 60.6% ‘Huyou 18’ brown rot incidence, 
an increase of 13.9% (Table 5).
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Table 5  Effects of Ca2+ on the activities of W10 bacterial suspension and antifungal protein in suppressing peach brown rot 
Cultivar Treatment Calcium Inhibition rate /% 
Added calcium 100.0 ± 0.0 a Bacterial suspension 
No calcium 100.0 ± 0.0 a 
Added calcium 60.6 ± 1.8 b 
‘Huyou 18’ nectarine 
Antifungal protein 
No calcium 46.7 ± 2.2 c 
‘Hujing Milu’ honey peach Added calcium 100.0 ± 0.0 a 
 
Bacterial suspension 
No calcium 70.7 ± 1.5 b 
 Antifungal protein Added calcium 44.7 ± 2.0 c 
  No calcium 21.5 ± 1.6 d 
 
 
3.3. Effects of B. licheniformis W10 and its antifungal 
protein on peach fruit quality 
3.3.1. Effect on pulp color 
At 25 ℃, pulp color changes in each treatment were 
shown in Table 6. The color L* value represents pulp brightness, 
implicating the aging and changes in pulp. The L* values of 
‘Huyou 18’ 9 d after B. licheniformis W10, antifungal protein 
and carbendazim treatment were between 61.38–63.97, slightly 
higher than the control, but the difference was not significant, 
indicating that each treatment did not affect the pulp color 
and tissue integrity. The L* value of ‘Hujing Milu’ 7 d after 
B. licheniformis W10, antifungal protein and carbendazim 
treatment were 46.26, 45.55, and 44.93, respectively, not 
significantly different from the control. 
3.3.2. Effect on fruit hardness  
As shown in Table 6, 9 d after treatment, the fruit hardness 
of ‘Huyou 18’ nectarine was not significantly different with 
control, indicating B. licheniformis W10, antifungal protein, and 
carbendazim treatments will not affect the normal softening and 
maturing process. Seven days after treatment, the hardness of 
‘Hujing Milu’ peaches with antifungal proteins treatment 
(0.38 kg · cm-2) was significantly higher than other treat- 
ments, and B. licheniformis W10 and carbendazim treatments 
were not significantly different from the control, indicating 
that the antifungal protein can delay peaches softening, and 
  
B. licheniformis W10, and carbendazim treatment had no effect 
on fruit hardness. 
3.3.3. Effect on the soluble solids content 
Nine days after B. licheniformis W10 and carbendazim 
treatment, the soluble solids content of ‘Huyou 18’ nectarine 
were not significantly different than that of the control. While 
soluble solids content of antifungal protein treatment was not 
significantly different with B. licheniformis W10 and carben- 
dazim treatment, it was significantly lower than the control 
treatment (Table 6). Seven days after treatment, the soluble solids 
content of ‘Hujing Milu’ peaches of each treatment were not 
significantly different from the control. 
3.3.4. Effect on weight loss rate 
As shown in Table 6, the weight loss rates of ‘Huyou 18’ 
nectarine in each treatment were basically the same 9 d after 
treatment, suggesting that B. licheniformis W10 and its 
antifungal protein treatment do not affect the peach fruit weight 
loss rate. For the ‘Hujing Milu’ peaches, 7 d after treatment, the 
weight loss rate changed significantly. Carbendazim treat- 
ment had the highest weight loss rate, while the weight loss rate 
B. licheniformis W10 is similar with the control and the weight 
loss rate of antifungal protein treatment was the lowest, 
indicating B. licheniformis W10 treatment would not increase 
‘Hujing Milu’ peach fruit weight loss rate, while the antifungal 
protein treatment could significantly reduce the fruit weight loss. 
 
Table 6  Changes of fruit quality of Nectarine and Honey peach in different treatments 
Cultivar Treatment L* Firmness/ 
(kg · cm-2) 
Soluble solids  
content /% 
Weight loss /% Rotting rate /% 
Bacterial suspension 61.38 ± 9.76 a 0.53 ± 0.19 a 10.58 ± 0.95 ab 12.85 ± 1.25 a 10.00 ± 0.00 b 
Antifungal protein 63.97 ± 11.88 a 0.53 ± 0.18 a 10.09 ± 1.52 b 14.00 ± 1.23 a 10.00 ± 0.00 b 
Carbendazim 63.62 ± 7.83 a 0.70 ± 0.41 a 10.92 ± 1.42 ab 11.23 ± 1.73 a 8.33 ± 2.89 b 
‘Huyou 18’  
nectarine 
Control 56.75 ± 9.35 a 0.68 ± 0.54 a 11.46 ± 1.46 a 12.71 ± 1.28 a 23.33 ± 2.89 a 
‘Hujing Milu’  Bacterial suspension 46.26 ± 8.71 a 0.21 ± 0.06 b 12.85 ± 1.84 a 17.80 ± 2.78 b 28.33 ± 5.77 ab 
honey peach Antifungal protein 45.55 ± 9.31 a 0.38 ± 0.11 a 14.04 ± 0.49 a 7.91 ± 1.57 c 26.67 ± 5.77 b 
 Carbendazim 44.93 ± 8.96 a 0.26 ± 0.04 b 14.22 ± 1.98 a 23.91 ± 2.96 a 38.33 ± 7.64 a 
 Control 43.15 ± 9.92 a 0.21 ± 0.05 b 14.22 ± 1.63 a 15.16 ± 2.00 b 21.67 ± 2.89 b 
Note：The data of 9 d storage time for Nectarine, the data of 7 d storage time for Honey peach. 
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3.3.5. Effect on fruit decay 
As shown in Table 6, 9 d after B. licheniformis W10, 
antifungal protein and carbendazim treatment, the decay of 
‘Huyou 18’ nectarine was significantly slower than that of the 
control. For the ‘Hujing Milu’ peaches, 7 d after treatment, the 
fruit decay of carbendazim treatment was significantly higher 
than control, while B. licheniformis W10 and its antifungal 
protein treatment were not significantly different with the 
control. 
4. Discussion 
As a biocontrol bacteria with great advantages, Bacillus are 
simple to culture, rapidly proliferate , are easily colonize the plant 
surface, have stress resistant spores, and can produce a variety of 
antifungal substances, all of which make Bacillus convenient to 
produce, process, and apply. There are relatively few reports on 
the application of Bacillus on postharvest control of peach brown 
rot disease, and those that do exist are mainly on B. subtilis and B. 
amyloliquefaciens. High concentrations of B. subtilis B-912 can 
completely prevent peach brown rot disease at storage conditions 
of 25 ℃ and 3 ℃ (Fan et al., 2000). B. subtilis CPA-8 can also 
effectively prevent peach brown rot, as its lipopeptide antifungal 
product Fengycin plays an important role in fruit preservation 
(Yánez-Mendizábal et al., 2012). B. amyloliquefaciens C06, 
which produces the antifungal lipopeptides Fengycin and 
Bacillomycin D, can also effectively suppress postharvest peach 
brown rot with an efficiency of up to 78% and can extend peach 
shelf life from 3 d to 7 d (Zhou et al., 2008;. Liu et al., 2011). The 
results of this study show that the application of B. subtilis W10 
or its antifungal proteins in advance can control peach brown rot, 
delay disease onset time, and the higher the concentration, the 
better the control effect. At conditions of lower temperatures 
(4 ℃) and humidity (RH 70%–75%), B. subtilis W10 and its 
antifungal protein treatment can effectively control the disease 
and delay disease onset time. This study is the first to 
demonstrate the effects of antifungal proteins from Bacillus in 
the prevention of peach brown rot, and provides a foundation for 
the application of the antifungal protein. 
Ca2 + can affect the growth of M. fructicola and the activity 
of polygalacturonic acid enzyme (PG). Ca2+ impairs the 
permeability of the cell membrane of the pathogens, binds with 
PG to reduce its activity, while enhancing peach disease 
resistance (Biggs et al., 1997). Ca2 + (chelan, calcium powder, 
and calcium chloride) can significantly reduce M. laxa mycelial 
growth. Immersion of these calcium solutions can significantly 
reduce incidence of fruit brown rot (Thomidis et al., 2007). 
Calcium solutions sprayed before harvest can significantly 
reduce brown rot incidence and the decay of post-harvest peaches 
(Elmer et al., 2007). This study found that spraying Ca (NO3)2 in 
advance can significantly improve the peach brown rot 
suppression effect of B. licheniformis W10 and its antifungal 
proteins. Spraying CaCl2 alone can reduce brown rot incidence, 
but the combination of Ca2 + and B. subtilis B-912 had no clear 
effect in controlling brown rot (Fan et al., 2000). The results of 
this study showed that application of 1% Ca(NO3)2 can 
significantly increase the disease control effect of B. 
licheniformis W10 and its antifungal proteins. Therefore, we 
suggest including Ca (NO3)2 in peach fruit brown rot control to 
improve fruit preservation and disease resistance. 
Peach quality is determined by a combination many factors, 
including fruit size, color, aroma, hardness, soluble solids content, 
pectin, polyphenols, moisture content and so on (Jiao et al., 2014). 
This study found that B. licheniformis W10 and its antifungal 
proteins treatment had no effect on nectarine and peach color, 
hardness, soluble solids content, and moisture content. For some 
indicators such as fruit hardness, antifungal protein treatment can 
significantly increase the hardness of peaches more than the 
control and also significantly inhibit nectarine decay, similar to 
the chemical pesticides carbendazim. In this study, the peach 
decay was high, which may be due to the effect and damage to 
the peach fuzz by immersion in B. licheniformis W10 solutions. 
Our results on the role of B. licheniformis W10 and its 
antifungal proteins in the postharvest preservation of peaches 
and the biocontrol of brown rot provide a new approach by 
which to tackle this problem and can help reduce the use of 
chemical pesticides, environmental pollution, pesticide residues, 
leading to the safer production peach fruits. 
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